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POSSIBILITIES  OF  LAMINARIZATION  OF  ELECTROHYDRODYNAMIC  FLOWS 


Ye.  P.  Udartsev.  (Kiev) 


The  investigation  of  the  stability  of  electrohydrodynamic  flows 
is  interesting  from  the  viewpoint  of  their  use  for  active  influence 
on  the  boundary  layer.  Electrophysical  action  can  lead  both  to 
increase  of  the  critical  Reynolds  number  and  to  its  decrease.  Raising 
the  critical  Reynolds  number  -  laminarization  of  flow  -  is  a  problem 
which  can  be  examined  in  linear  formulation  by  methods  of  the  theory 
of  hydrodynamic  stability  [2].  With  the  presence  of  charged  gas 
component  in  the  flow,  being  characterized  by  the  value  of  volume 
charge  q,  and  the  application  on  flow  of  an  electrical  field  with 
intensity  E  the  mass  pondermotive  force,  appearing  in  the  flow,  is 
expressed  in  the  form  [1] 

7  *»  div  tE,  (I) 

where  e  -  dielectric  constant  of  medium.  This  mass  force  at  certain] 
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moments  of  development  of  instability  of  laminar  flow  can  compare  in 
value  with  the  forces,  causing  the  instability. 

Interest  in  the  problem  of  instability  of  charged  gas  in  an 
electric  field  appeared  during  investigation  of  heat  transfer  in  the 
loop  of  a  nuclear  reactor  [3].  In  work  [3]  was  formulated  the 
Poiseuille  problem  of  flow  instability  with  the  presence  of 
nonunipolar  charge  in  the  flow  and  application  of  the  field 
perpendicular  to  flow. 

On  the  basis  of  the  linear  theory  of  instability,  equations  of 
thermodynamically  irreversible  processes  and  equations  of 
electrodynamics  the  basic  Orr-Sommerf eld  type  equation  of  stability 
was  obtained; 

=  ih{U~c)  [°a  (/'“«*/)  ~(T-  «7)'].  (2) 

where  f  -  perturbation  amplitude  of  flow  function;  n  -  ion 
concentration;  e  -  elementary  charge. 

During  the  derivation  of  equation  (2)  the  drift  of  ions  was  not 
considered,  but  it  was  noted  that  such  simplifying  assumption  cannot 
be  correctly  justified.  With  constant  value  of  ion  concentration  the 
additional  term,  caused  by  the  electrical  action,  becomes  zero. 
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This  problem  was  examined  from  the  positions  of 
electrohydrodynamics.  The  system  of  equations  obtained  as  a  result, 
describing  the  stability  of  Poiseuille  plane  flow,  has  the  form 

p  |i 

(U  a */)  —  u"i  +  -J—  W  -  £»  (*’  -  - 

“V  +  ofl.  (3) 

(U  -  c)  (ft*  -  as/i)  =--  — -  [2£0  (ft*  -  a2ft)  -r  £0  (ft'  -  a*ft)  + 

+  F0ft']  +  £^.  (4) 

where  U  -  velocity  profile  of  the  main  flow;  c  -  parameter  of  growth 

of  oscillations;  f  -  perturbation  amplitude  of  current  function;  h  - 

_  qUE0 

perturbation  amplitude  of  electric  field  potential;  fcu»“~375 - 

Qym 

"electric"  Euler  number;  "electric"  Reynolds  number;  b- 

bE 

ion  mobility. 

Equation  (3)  includes  parameter  Eu*  determining  the  degree  of 
electrophysical  action.  During  formulation  of  the  problem  on 
eigenvalues  this  parameter  will  enter  the  secular  equation.  The  curve 
of  neutral  stability  now  is  determined  from  equation 

F  (a,  Re,  Eu„  c)  =  0.  (5) 

The  system  of  equations  (3),  (4)  is  rather  complex  for  analysis. 
It  is  considerably  simplified  with  the  assumption  of  constancy  of  the 
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amount  of  volume  charge,  which  can  be  assumed  on  certain  small 
sections.  In  this  case  the  equations  are  reduced  to  the  form 

(U -c)(r-  a*/)  ~  ~  £ . (hm  -  aV.)  = 

- 51 ^</,v-2o*/  +  a/).  (6) 

(V  - c) (hT -  a’/»)  =  [2 (h’  -  a*A)  +  «/(/.*- aV.)').  (7) 


This  system  can  be  solved  by  methods  of  the  theory  of 
hydrodynamic  stability.  However,  such  a  solution  is  complicated.  As 
in  the  classical  case  of  theory  of  hydrodynamic  stability  (2),  the 
total  stability  of  flow  can  be  determined  by  sufficient  conditions  of 
stability.  In  our  problem  such  conditions  are  determined  during 
examination  of  the  acceptability  of  the  Rayleigh  theorem  for  some 
problems  of  stability  in  electrohydrodynamics. 


Assuming  that  the  field  is  directed  from  the  axis  of  the  channel 
to  the  walls,  determining  the  boundary  conditions  on  the  axis  of  the 
channel  and  on  the  wall  as 

/'(0)  *=  0;  /’<l)  =  /(I)  =  0,  (8) 

we  obtain  that  the  velocity  component  of  the  disturbing  motion  in  the 
critical  layer  (ye)  has  characteristic 

%  r  =  k[U'~  Ec  {h'  ~  ln  (y  ~  yc)'  (9) 

The  rise  of  velocity  u1  in  the  final  analysis  leads  to  the 
development  of  instability.  But  if  in  the  critical  layer 

o 


I 
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(10) 


then  u’=0;  thus,  the  disturbing  motion  cannot  appear  under  the 
previous  conditions.  On  the  basis  of  equation  (10)  it  is  possible  to 
estimate  the  electrohydrodynamic  parameters,  sufficient  for 
laminarizing  action.  Assuming  <7o=  1*  m3.Z-  i  M.  ^*10-*.  we  obtain 


10x10* 


0) 

xrM 

aceK(v) 


J 


Key:  (1)  kg-m.  (2)  s. 


Value  E,  corresponds  to  the  breakdown  voltage  in  air.  With 
increase  of  the  volume  charge  E.  is  decreased.  Radioactive  isotopes 
can  provide  ionization  0.5  k/m’  and  considerably  larger. 

The  use  of  radioactive  isotopes  is  the  basis  of  one  of  the 
possible  methods  of  laminar izat ion  of  electrohydrodynamic  flows.  The 
radioactive  isotopes  serve  as  the  source  of  ions  of  different  signs. 
The  presence  of  ions  of  different  signs  in  the  field  lowers  the 
electrohydrodynamic  effect,  and  counterdirected  motion  of  ions  can 
lead  to  instability.  For  confirmation  of  the  possibility  of 
laminarization  of  flows  by  the  EHD  method  with  the  use  of  radioactiu 
isotopes  tests  were  conducted  on  the  division  of  ions  of  different 
signs  with  the  use  of  tritium  ionizers.  The  experiments  showed  that 
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the  division  of  ions  is  achieved.  As  a  result  a  scavenging  ionizer 
was  created,  which  can  serve  as  the  source  of  unipolar  charge  up  to 
q=0.5  k/m*.  For  achievement  of  a  large  amount  of  volume  charge  it  is 
necessary  to  use  more  powerful  ionizers  -  polonium  or  other  types. 

It  is  interesting  to  note  that  during  the  experiments 
nonunipolar  charged  gas  [1]  the  laminar izing  action  of  the  electrical 
field  was  noticed.  Covering  of  the  surface  with  a  powerful  source  of 
ionization  with  subsequent  application  of  an  electrical  field  can 
also  be  one  of  the  methods  of  stabilization  of  perturbations. 

The  electrohydrodynamic  methods  of  laminarization  of  flows  can 
find  technical  application.  The  main  complexity  for  the  wide 
development  and  application  of  these  methods  is  the  necessity  of 
using  powerful  sources  of  ions,  which  is  linked  with  technological 
difficulties  of  their  manufacture  and  the  necessity  of  providing 
biological  protection. 
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